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(54) A fire alarm system 

(57) A fire alarm system in which the threshold for judging the presence of a fire is changed according to the type of smol<e. 

There is a correlation for each smol<e type between the scattering angle 6, „.. 6^ formed by the optical axes of a light 
emitting means 1 08 and light receiving means 1 1 0, 1 2, 11 4, 11 6 and the outputs of the light receiving means. Smoke type 
is determined by comparing the light detector outputs with characteristic data for each smoke type held in a storage means 
120. 

Smoke type may alternatively be recognised by the degree of light polarisation that it causes, and alarm thresholds 
changed accordingly (figures 6 to 9). 
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DESCRIPTION 
FIRE ALARM SYSTEM 
The present invention relates to fire alarm systems 
for detecting the presence of a fire and the type of smoke 
from the scattered light caused by the smoke at the time 
of a fire. More particularly, it relates to a fire alarm 
system which, in view of the fact that the scattering 
angle and the degree of polarization are different 
according to the type of smoke, is designed to be capedale 
of more accurately judging a fire by varying the threshold 
for judging a fire based on the difference in the types of 
smoke. 

A scattered light type smoke detector is known as a 
system for judging a fire from the scattered light caused 
by smoke which is produced by the fire. In such a system, 
as shown in Fig. 10 of the accompanying drawings, a light 
emitting element 2, such as a light emitting diode, for 
irradiating light having a directivity toward the central 
portion X of a smoke detection chamber (space for 
detecting smoke) is provided so as to face the central 
portion X. In addition, a light receiving lens 4 and a 
light receiving element 6, such as a photodiode, are 
positioned so that their optical axes coincide at a 
predetermined angle (hereinafter referred to as the 
scattering angle) © with respect to the optical axis of 
the light emitting element 2. Further, the light emitting 
element 2 irradiates light having directivity along the 
direction of its optical axis and the light receiving 
element 4 gathers and concentrates the scattered light via 
the light receiving lens 4 provided in the light receiving 
plane. Moreover, a comparator 8 is provided, which 
outputs a detection signal SO indicating the starting of a 
fire when the output signal of the light receiving element 
6 exceeds a predetermined threshold. 

Thus, a judgment on fire is made on the principle 
that there is a correlation between the scattered light 
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incident on the light receiving element 6 and the density 
of smoke in the space for detecting smoke. That is, in a 
normal condition where no fire is taking place, the 
intensity of the scattered light reaching the light 
receiving element 6 is low as smoke 10 does not enter the 
smoke detection chamber. On the other hand, the intensity 
of the scattered light reaching the light receiving 
element 6 is increased upon entering of the smoke 10 
caused by a fire. The threshold of the comparator 8 is 
set on the basis of this principle, and the presence of a 
fire is detected by judging that a fire has been started 
when the output signal of the light receiving element 6 
exceeds the predetermined threshold level. 

Such a conventional scattered light type smoke 
detector, however, is not provided with the function of 
determining the type of smoke. In other words, a 
conventional system merely judges the presence of a fire 
by simply comparing the density of smoke entered into the 
space for detecting smoke using a uniformly determined 
threshold level. 

In reality, however, there are various differences 
that occur according to the burned material between the 
smoke produced by burning a material such as gasoline and 
the smoke produced by a smouldering material such as 
timber, with respect to their colour and diameter of 
particles. Smoke consisting of smaller particles is 
relatively dark in colour while smoke consisting of larger 
particles becomes white. In this case, the amount of 
light reflected by the black smoke is relatively less and, 
accordingly, there occurs the phenomenon that the 
intensity of the scattered light detected at the light 
receiving element varies even though the smoke density 
within the smoke detecting space is identical. For this 
reason, making a judgment on the presence of a fire on the 
basis of a uniformly determined threshold level 
irrespective of the type of smoke has been the cause of 
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such problems as judging a false fire to be a fire or 
causing a delay in the judgment of an actual fire. 

Also, empirically/ such facts are widely known that a 
scattered light type smoke detector placed in a room 
filled, for example, with cigarette smoke is erroneously 
operated by the cigarette smoke even though no fire is 
taking place therein. Further, there is another problem 
that a delay is caused in jud^ent on fire with respect to 
a black smoke produced by burning such as oil and gasoline 
because the intensity of the scattered light therefrom is 
relatively low. 

The present invention has been made in view of the 
problems of the conventional system as described, and it 
is an object of the present invention to provide a fire 
alarm system for performing a proper fire detection in 
accordance with different types of smoke which is the 
subject for detection. 

In accordance with the present invention in its 
broadest aspect, there is provided a fire alarm system 
having light emitting means for transmitting a light 
toward a smoke detecting space and light receiving means 
for receiving the scattered light caused by smoke present 
in the smoke detecting space, and having means for 
determining the existence of the smoke by the received 
light output of the light receiving means and for judging 
the presence of a fire by comparing the received light 
output with a preset threshold - the system being 
characterised in that the type of the smoke is determined 
and, on the basis of the determined type, the above 
threshold is changed to a preset threshold which is 
previously determined correspondingly to each smoke type. 

Further, the present invention preferably includes: 
storage means for storing, as a plurality of 
characteristic data for each type of smoke, the received 
light outputs, previously obtained through experiments, of 
said light receiving means at the time of varying the 
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scattering angle formed by the optical axis of said light 
emitting means and the optical axis of said light 
receiving means; and judging means for judging the type of 
the smoke by comparing and collating the received light 
output of the light receiving means obtained for each 
scattering angle formed by the optical axis of said light 
emitting means and the optical axis of said light 
receiving means, with the characteristic data in said 
storage means. 

In one embodiment, a light beam is arranged to be 
transmitted toward the smoke detecting space; the light 
intensity of each of the lights different in their 
direction of polarization is obtained from the scattered 
light which is caused by the smoke present in the smoke 
detecting space; the degree of polarization is calculated 
from these light intensities; the type of smoke is 
determined on the basis of the degree of polarization; and 
presence of a fire is judged by further comparing the 
threshold set correspondingly to the thus determined type 
of smoke and these light intensities. 

According to a fire alarm system of the present 
invention constructed as described, since there is a 
unique correlation for each type of smoke between the 
scattering angle foanned by the respective optical axes of 
the light emitting means and the light receiving means and 
the received light output of the light receiving means, 
the characteristic of the smoke may be known on the basis 
of the respective received light output for each 
scattering angle. Then, by comparing it with the 
characteristic data for each type of smoke which is 
previously stored in the storage means, the type of smoke 
at starting of a fire may be determined. 

A unique correlation also exists between the degree 
of polarization which is obtained on the basis of 
scattered lights different in their degree of polarization 
and the type of smoke. Thereby, the type of smoke may be 
determined. 
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A threshold for determining the presence of fire is set 
correspondingly to the determined smoke type. The final 
judgment on the presence of fire is made by comparing the 
relative magnitude of the threshold and the light intensity of 
the scattered light. Thus, the accuracy in judgment is 
inproved in canparison with a conventional system where the presence of a 
fire is judged by a uniformly determined threshold irrespective 
of type of smoke, whereby an erroneous alarm generation may 
be prevented. 

The invention is described fijrther hereinafter, by way of example only, 
with reference to the accotipanying drawings, in vAiich:- 

Fig.l is a block diagram illustrating the construction of 
a first embodiment of the present invention; 

Fig. 2 is a diagram for explaining the principle of smoke 
discrimination of the first endsodiment ; 

Fig. 3 is another diagram for explaining the principle of 
smoke discrimination of the first embodiment; 

Fig. 4 is a block diagram illustrating the construction of 
a second embodiment of the present invention; 

Fig. 5 is a block diagram illustrating the construction of 
a third embodiment of the present invention; 

Fig. 6 is a block diagram illustrating the construction of 
a fourth embodiment of the present invention; 

Fig. 7 is a diagram for explaining the principle of smoke 
discrimination of the fourth embodiment; 

Fig. 8 is a block diagram illustrating the construction of 
a fifth embodiment of the present invention; 

Fig. 9 is a block diagram illustrating the construction of 
a sixth embodiment of the present invention; and 

Fig. 10 is a block diagram for explaining the construction 
of a conventional scattered light type smoke detector. 
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First, the construction of the first embodiment is 
described by reference to Fig.l. Numeral 108 denotes a 
light emitting element such as a light emitting diode 
having directivity, emitting a light beam whose optical 
axis Q is directed toward the centre portion X of the 
smoke detection chamber. 

Numerals 110, 112, 114, 116 respectively denote light 
receiving elements such as photodiodes. Here, the angles 
are set such that: the angle 61 formed by the optical axis 
of the first light receiving element 110 and the optical 
axis Q of the light emitting element 108 is 30"; the angle 
02 formed by the optical axis of the second light 
receiving element 112 and the optical axis Q of the light 
emitting element 108 is 60"; the angle 03 formed by the 
third light receiving element 114 and the optical axis Q 
of the light emitting element 108 is 90"; and the angle 04 
formed by the fourth light receiving element 116 and the 
optical axis Q of the light emitting element 108 is 120". 

Numeral 118 denotes a judging unit for receiving 
output signals SI, S2, S3, S4 from the respective light 
receiving elements 110, 112, 114, 116. This judging unit 
118 furthermore compares these signals SI to S4 with data 
a in a reference data storage unit 120 to determine the 
presence of a fire occurrence and the type of smoke. In 
addition, when a fire occurs, it outputs information data 
jS indicating the occurrence of fire and the type of smoke 
thereof. It should be noted that an apparatus such as a 
microprocessor having a memory function incoirporated 
therein is preferably used as the judging unit 118 and the 
reference data storage unit 120. 

Next, the principle of this embodiment for detecting 
the type of smoke is described. On the basis of many 
experiments and researches conducted, the present inventor 
has verified the fact that, even when the smoke density 
within a smoke detection chamber is kept at a constant 
level, the received light intensity received by the light 
receiving element is different if the angle 0 formed by 
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the light emitting element and the light receiving element 
is different. Furthermore, it has been verified that the 
correlation between such scattering angle 0 and the 
received light intensity has a unique characteristic for 
each type of smoke. 

Fig. 2 shows an example of the result of such 
experiments, where the horizontal axis represents the 
scattering angle 9 and the vertical axis represents the 
output voltage (hereinafter referred to as received light 
output) provided by the light receiving element when the 
smoke detection chamber is filled with a predetermined 
density (1.0 %/m) of smoke. Here, A to D in the figure 
respectively represent: measured result A for the smoke 
generated when filter paper was smouldered; measured 
result B for the smoke of cotton wick; measured result C 
for the smoke of a stick of incense; and measured result D 
for the smoke of kerosene. 

The chamber output for each scattering angle 0 with 
respect to kerosene and cotton wick may be represented in 
a table as shown in Fig. 3, It should be noted that the 
values indicated in the parentheses are the values 
obtained by putting the chamber output at the time of the 
scattering angle 0=30* to 1.0 and normalizing the other 
outputs . 

As is apparent from Fig. 2 and Fig. 3, there is a 
unique characteristic for each type of smoke. 

Normalized data for each scattering angle 9 with 
respect to various types of smoke can be pre-stored in the 
reference data storage unit 120. Thus, the judging unit 
118 obtains by means of pattern matching the correlation 
between the changing pattern of detection signals SI to S4 
from the light receiving elements 110 to 116 and the data 
in the reference data storage unit 120, and it decides the 
type of smoke which is most closely correlated. By this 
means, the type of smoke 122 which has entered the smoke 
detection chamber is determined. 
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Furthermore, a threshold is previously determined for each 
type of smoke in the judging unit 118. For example, an 
occurrence of fire is judged when the chamber output at the 
time of the scattering angle 0=30" exceeds the threshold based 
on a type of smoke. That is, the presence of fire is detennined an 
the basis of a criterion which is independently set for each 
type of smoke. 

In this manner, if a fire is determined on the basis of 
the determination on the type of smoke and the threshold set 
for each type of smoke, the presence of the fire occurrence may be 
judged accurately without being affected by a difference in the 
amount of the scattered light corresponding to the type of smoke. 

For example, a specific difference as shown in Fig. 2 
exists between the chamber output for a white smoke produced 
from a filter paper or cotton wick and the chamber output for a 
black smoke produced from kerosene. 

Accordingly, by setting the threshold for judging a fire 
which produces a white smoke to a value larger than the 
threshold for judging a fire which produces a black smoke, the 
accuracy of judgment may be improved compared to the 
conventional case where a uniform threshold is set as the 
criterion. Specifically, false fire alarms due to tobacco 
or white steam may be reduced and the detection of fire may be 
performed quicker than it has been conventionally possible with 
respect to black smokes produced by burning oil or the like. 

A second embodiment will now be described with reference 
to Fig. 4. 

It should be noted that, in Fig. 4, those components 
identical or corresponding to those in Fig.l are denoted by the 
same reference numerals . 
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In this embodiment, instead of placing a plurality of 
light receiving elements at respective scattering angles 0, 
a single light receiving element 124 is provided, which is 
moved sequentially by a transporting mechanism 126 to the 
scattering angles of 30», 60«, 90« and 120* facing the 
smoke detection chamber. 

In this case, the timing for reciprocating the light receiving 
elements 124 through the scattering angles Q and the timing for 
inputting to the judging unit 118 the detection output S of the 
light receiving elements 124 are synchronized with a clock 
signal CK of a timing circuit 128. At this time, the judging 
unit 118 determines the type of smoke by comparing the detected 
output S for all the scattering angles 0 and the smoke data 
previously stored in the reference data storage unit 120 by 
means of pattern matching. Occurrence of fire is then judged 
by making a comparison with a threshold previously set for each 
smoke type. According to this embodiment, the nimber of light 
receiving elements may be reduced. 

Fig. 5 is a block diagram illustrating a third embodiment 
of the present invention, which is characterized in that a 
plurality of light emitting elements 108a to 108d are provided. 
In such an embodiment, the light emitting elements 108a to 108d are 
sequentially actuated and the light is synchronously received by 
the light receiving element 110a. The type of smoke is then judged 
by comparing the data of the received light and the smoke data 
which has been previously stored. 

It should be noted that, while four scattering angles 9 at 
30*, 60*, 90*, 120* are used in the embodiments of Fig. 4 and 
Fig. 5, it is also possible to take measurements at more finely 
divided angles. 

Further, since it is possible to detect the characteristic 
of a smoke for determining the type of the smoke by using at 
least two scattering angles, only two scattering angles 0 may 
be employed if the types of smoke to be produced at the 
starting of fire are limited to a small number. By limiting 
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the number of the scattering angles 9 to such a small number, 
it is possible to achieve an improvement in signal processing 
speed . 

Furthermore, while these embodiments have been described 
with respect to a case where means for determining the type of 
smoke is used as a known scattered light type smoke detector by 
incorporating it together with an optical system having a light 
emitting element and light receiving element, it may also be 
constructed so that the signal processing section, such as the 
judging unit and the reference data storage unit, may be 
separately provided on a receiver or a repeater. In this 
manner, the sensor portion for detecting the smoke may be 
reduced in size and weight and the system may easily be applied 
to a fire alarm system such as a conventionally used polling 
type. 

A fourth embodiment according to the present 
invention will now be described with reference to Fig. 6 of 
the drawings. 

Referring to Fig. 6, numeral 212 denotes a light 
emitting element by which a light beam having directivity 
is irradiated toward the centre portion X of a smoke 
detecting space. For this, a source such as a halogen 
lamp which emits light having a plurality of frequency 
components is suitably used. 

Numeral 214 denotes a first light receiving element 
such as a photodiode. Its optical axis is arranged such 
that a predetermined scattering angle 01 is formed with 
respect to the direction of the optical axis of the light 
emitting element 212. 

Numeral 216 denotes a first polarizing filter. Here, 
the first polarizing filter 216 is provided in front of 
the light receiving surface of the first light receiving 
element 214 and is set with its plane of polarization such 
that the light received output is maximized for the light 
receiving element 214 which receives the scattered light 
caused by smoke. 
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Numeral 218 denotes a second light receiving element such 
as a photodiode. its optical axis is arranged such that a 
predetermined scattering angle 02 is formed with respect to the 
direction of the optical axis of the light emitting element 
212. Note that, in this embodiment, both of the scattering 
angles 01 and 92 are set to 30'. 

Numeral 220 denotes a second polarizing filter having a 
plane of polarization which is 90' different from the first 
polarizing filter. This is so set that the received light 
output of the light receiving element 218 is minimized when a 
scattered light exists, and is provided in front of the 
light receiving plane of the second light receiving element 
218. 

Numeral 222 denotes an operation unit to which the output 
signals SIO, S20 respectively of the first and second light 
receiving elements 214,218 are directed. The degree of polarization C 
of the light passed through the polarizing filters 16, 20 is 
calculated by conducting a calculation using the formula as shown 
below on the basis of the output levels of these signals S1,S2. 

C = (SI ■ S2) / (SI + S2) (1) 

Numeral 224 denotes a judging unit which compares the 
degree of polarization C and a threshold Tth for judging .the type 
of a smoke and judges the type of the smoke based on the 
relative magnitude between the degree of polarization C and the 
threshold value Tth. In addition, a threshold Tv for detecting 
a fire is set for each type of smoke. Thus, when the output 
level of the output signals SIO, S20 of the first and second 
light receiving elements 214, 218 is detected to exceed the 
threshold value Tv, it is judged that a fire has started and a 
fire alarm signal So is delivered. 

In other words, since the threshold Tth is set to judge the 
type of smoke in a similar manner as in the foregoing 
embodiments and the threshold Tv is a unique threshold 
corresponding to the type of smoke which is judged on the basis 
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of the threshold Tth, a fire detection in accordance with type 
of smoke is possible. 

Numeral 226 denotes a reference data storage unit for 
pre-storxng the data which is used by the judging unit 
as criteria for the conditions of a fire. The reference 
data storage unit 226 stores data related to the type of possible 
combustibles in the monitored region for which the scattered 
light type smoke detector of this embodiment is provided, and 
it also stores data of a plurality of thresholds Tth 
corresponding to the set angle of the scattering angles 91 and 02 

respectively of the first and second light receiving elements 
214, 218 and data of thresholds Tv. 

Further, though not indicated in the figure, once data of 
the types of combustibles and the scattering angles 01, 02 of 
the first and second light receiving elements 214, 218 have 
been initially set by means such as an initialization switch, 
the unique thresholds Tth and Tv for the respective data are 
thereafter supplied to the judging mit 224. The judging unit 
224 then judges the type of smoke and the presence of a fire on the 
basis of these thresholds Tth, Tv. 

In this manner, by providing the reference data storage 
unit 226, it is possible to deal with various types of fire 
that are previously assumed in accordance with the conditions 
in the monitored region. 

Next, the operation of the embodiment which is constructed 
in the above manner is described together with its fire 
detecting principle. 

First, a description v/ill be given with respect to the 
fire detecting principle applied to this embodiment. The 
present inventor has verified through a number of experiments 
and researches that, even when the smoke density in the smoke 
detection chamber of a scattered light type smoke detector is 
identical r each type of smoke has a vinique characteristic 
according to the difference in the scattering angle 6 formed by 
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the optical axes of the light emitting element and the light 
receiving element and the degree of polarization C. While the 
foregoing embodiments are based on the unique characteristics 
of the relation between the scattering angle Q and the 
intensity of the received light, the present embodiment is 
based on the unique characteristic between the scattering angle 9 
and the degree of polarization C. 

Fig. 7 shows an example of the results of such experiments, 
where the horizontal axis represents the scattering angle 0 and 
the vertical axis represents the degree of polarization when a 
predetermined density (1.0 %/m) of smoke is filled within the 
smoke detecting space, the vertical axis being represented in a 
logarithmic scale. Naturally, the degree of polarization does 
not change even though the density of smoke is changed. 

Here, the characteristic curve "a" represents the measured 
result for the smoke caused by kerosene (liquid burning fire) , 
while the characteristic curve "b" represents the measured 
result for the smoke caused by a cotton wick ( smouldering 
fire) . 

As is apparent from Fig. 7, it can be seen that a unique 
correlation exists for each type of smoke between the degree of 
polarization and the scattering angle 0. 

Accordingly, the present inventor has decided to judge the 
type of fire from the value of the degree of polarization at 
predetermined scattering angles. 

For example, the type of smoke is judged such that, after 
setting the scattering angles 01=92=60' and setting the 
threshold Tth to 0.05, the relative magnitude between the 
degree of polarization C and the threshold Tth is detected. 

The operation will now be described. First, at the time 
of installing the sensor, the types of smoke which will 
supposedly be produced at the time of a fire are designated by 
initializing the types of combustibles provided within the 
monitored area and the scattering angle 0. 
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A light is irradiated from the light emitting element 212 
and the operation unit 222 obtains the degree of polarization C 
by performing at a predetermined period x the calculation of 
the above described formula (1) with respect to photoelectric 
conversion signals SIO and S20 which are delivered from the 
first light receiving element 214 and the second light 
receiving element 218. 

The judging unit 224 compares the above degree of 
polarization C with the threshold Tth in synchronism with 
period t. If the degree of polarization exceeds the threshold 
Tth, a first threshold Tvl for detecting the smoke caused by a 
liquid burning fire is then automatically read from the 
reference data storage unit 226, By contrast, if the degree of 
polarization C is smaller in value than the threshold Tth, a 
second threshold Tv2 for detecting the smoke caused by a 
smouldering fire is automatically read out from the 
reference data storage unit 226, whereby the threshold Tv is 
set in accordance with a liquid burning fire or a 
smouldering fire. 

If, upon setting of the threshold Tvl, the output level of 
the photoelectric conversion outputs SIO, S20 of the first and 
second light receiving elements 214, 218 exceeds the threshold 
Tvl, it is judged as a liquid burning fire and the fire alarm 
signal So is provided. On the other hand, if the threshold Tvl 
is not exceeded, it is judged as not a fire and the monitoring 
operation is continued without providing the fire alarm signal 
So. Further, if, upon setting of the threshold Tv2, the output 
level of the photoelectric conversion outputs SIO, S20 of the 
first and second light receiving elements 214, 218 exceeds the 
threshold Tv2, it is judged as a smouldering fire and the 
fire alarm signal So is provided. If the threshold Tv2 is not 
exceeded, it is judged as not a fire and the monitoring 
operation is continued without providing the fire alarm signal 
So. 
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In this manner, according to this embodiment, an accurate 
fire alarm is possible as is the case in the foregoing 
embodiments, since the type of smoke is judged and the 
presence of a fire is judged further on the basis of a 
specified threshold Tv set for each type of smoke. 

While, in this embodiment, a case has been described 
where the operation unit 222, the judging unit 224 and the 
reference data storage unit 226 are incorporated into a 
scattered light type smoke detector, it is also possible to 
construct the apparatus, in a similar manner as described above, v\*iereby 
only the optical system of the light emitting element 212, the 
first and second light receiving elements 214, 218 and the 
optical filters 216, 220 are incorporated into a scattered light 
type smoke detector, and the operation unit 222, the judging 
unit 224 and the reference data storage unit 226 for performing 
operation and judgment based on the photoelectric conversion 
outputs SIO, S20 are provided on a so-called receiver or 
repeater. Further, the scattering angle 0 may suitably be 
determined . 

Moreover, while, in this embodiment, the type of smoke is 
determined by calculating the degree of polarization C based on 
the above -described formula (1) , the calculated result C of the 
following formula (2) may be used as an approximation for the 
degree of polarization in a simpler calculation method. 

C - S1/S2 (2) 

Next, a fifth embodiment is described with reference to 
Fig. 8. Note that, in Fig. 8, those components identical or 
corresponding to those in Fig. 6 are denoted by the same 
reference numerals. 

Referring to Fig. 8, a light receiving element 228 is 
provided such that the scattering angle thereof with respect to 
the optical axis of the light emitting element 212 is set to 0, 
and a polarization filter 230 rotatable at a predetermined 
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angular velocity about the optical axis of the light receiving 
element 228 is provided in front of the. light receiving 
surface of the light receiving element 228. 

Numeral 232 denotes a driver unit such as a motor for 
rotating the polarization filter 230 at a constant speed, and which 
rotates at a constant speed in synchronism with a 
synchronizing signal from a timing control xmit 234. 

Therefore, as the rotating angle of the polarization 
filter 230 changes, the degree of polarization thereof changes 
and the light receiving element 228 receives a scattered light 
corresponding to the change in the degree of polarization. 

Further, the photoelectric conversion output SIC of the 
light receiving element 214 when the plane of polarization of 
the polarization filter 230 is at 0* and the photoelectric 
conversion output S20 of the light receiving element 214 when 
the plane of polarization of the polarization filter 230 is at 
90' are input to the operation unit 222 in synchronism with a 
synchronizing signal from the timing control unit 234. The 
degree of polarization C is obtained by performing the 
calculation of the above described formula (1) or (2) each 
time the polarization filter 230 is rotated by 360'. 

The judging unit 224, in a similar manner as in the fourth 
embodiment, performs setting of threshold values Tvl and Tv2 on 
the basis, of the degree of polarization C and judges the presence 
of a fire occurrence under the respective set conditions. 

According to this embodiment, the number of 
polarization filters may be reduced. 

Fig. 9 is a block diagram illustrating the construction of 
a sixth embodiment according to the present invention. 

In this embodiment, an electronic polarizing plate 
240 using liquid crystal is provided instead of the rotating 
polarization filter 230 of the fifth embodiment. The 
electronic polarizing plate 240 is changed by 90* in the angle 
of its plane of polarization upon conduction of an electric 
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current. Thereby, the light receiving element 228 receives the 
scattered light in accordance vdth the change in the degree of 
polarity. The other part of its operation is similar to that 
in the fifth embodiment. 

Here, the electronic polarizing plate 240 is constructed 
such that glass sheets to which transparent electrodes are 
applied are placed at an interval of about 10 iJm and a liquid 
material, a so-called liquid crystal, is injected and sealed therein. 
The array of the molecules of a liquid crystal in this 
condition is formed into a spiral and exhibits the property of 
rotary polarization (rotating the plane of polarization) . 
Further, when a voltage is applied across the two electrodes, 
the array of liquid crystal molecules is arranged into a 
straight line in the direction of the electric field and the 
rotary polarization thereof will be lost. Thus, by turning 
the voltage ON/OFF the angle of the plane of polarization of 
the light incident on the light receiving element 228 may be 
changed . 

While, in these embodiments, the type of smoke is 
determined on the basis of the degrees of polarization when the 
difference in the angle of the plane of polarization is set to 90°, it is 
not specifically limited to 90' and the type of smoke may be 
judged on the basis of the degree of polarization at other 
suitable angles. 



-18- 

CIAIMS 

1. A fire alarm system having light emitting means 
for transmitting light toward a smoke detecting space and 
light receiving means for receiving the scattered light 
caused by smoke present in the smoke detecting space, and 
having means for judging the existence of the smoke by the 
received light output of said light receiving means, and 
for judging the presence of a fire by comparing said 
received light output and a previously set threshold, 

said fire alarm system being characterised in that 
the type of the smoke is determined and the threshold is 
changed on the basis of said type to a previously set 
threshold in accordance with that type of smoke. 

2. A fire alarm system according to claim 1, 
further comprising: 

storage means for storing, as a plurality of 
characteristic data for each type of smoke, the received 
light outputs, previously obtained through experiments, of 
said light receiving means at the time of varying the 
scattering angle formed by the optical axis of said light 
emitting means and the optical axis of said light 
receiving means; and 

judging means for judging the type of smoke by 
comparing and collating the received light output of the 
light receiving means obtained for each scattering angle 
formed by the optical axis of said light emitting means 
and the optical axis of said light receiving means with 
the characteristic data in said storage means. 

3. A fire alarm system according to claim 1, 
further comprising transportation means for varying said 
scattering angle by making relatively movable said light 
emitting means and said light receiving means. 

4. A fire alarm system according to claim 1, 
wherein a plurality of said light receiving means are 
provided correspondingly to a plurality of predetermined 
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scattering angles and said judging means judges the type 
of smoke on the basis of the received light outputs of the 
respective light receiving means. 

5. A fire alarm system according to claim 1, 
wherein a plurality of said light emitting means are 
provided correspondingly to a plurality of predetermined 
scattering angles and said judging means judges the type 
of smoke on the basis of the received light outputs at the 
time of the emission of the respective light emitting 
means . 

6. A fire alarm system according to claim 1, 
further comprising: 

a first polarizing filter having a plane of 
polarization which passes only that light in a 
predetermined plane of polarization of the scattered light 
caused by smoke present in the smoke detecting space; 

a second polarizing filter having a plane of 
polarization which passes only that light in the plane of 
polarization different from the direction set by the first 
polarizing filter of the scattered light caused by the 
smoke present in the smoke detecting space; 

a first light receiving means for receiving the 
light transmitted through the first polarizing filter; 

a second light receiving means for receiving the 
light transmitted through the second polarizing filter; 

operation means for calculating the degree of 
polarization on the basis of the output of the first light 
receiving element and the output of the second light 
receiving element; and 

judging means for judging the type of the smoke 
from the comparison of the degree of polarization 
calculated by said operation means with a previously set 
characteristic data for detecting smoke and for judging 
the presence of a fire on the basis of the relative 
magnitude of a threshold for detecting a fire 



-20- 

corresponding to the judged type of smoke and the output of 
the first or second light receiving means. 

7. A fire alarm system according to claim 1, 
further con^rising: 

a polarizing filter passing the scattered light 
caused by smoke present in the smoke detecting space and 
capable of being changed in the angle of its plane of 
polarity; 

light receiving means for receiving light passed 
through said polarizing filter; 

operation means for calculating the degree of 
polarization on the basis of a first output provided by 
said light receiving means when the plane of polarization 
of said polarizing filter is at a first angle and a second 
output provided by said light receiving means when the 
plane of polarization of said polarizing filter is at a 
second angle; and 

judging means for judging the type of the smoke 
from the comparison of the degree of polarization 
calculated by said operation means with a previously set 
characteristic data for detecting smoke and for judging 
the presence of a fire on the basis of the relative 
magnitude of a threshold for detecting a fire 
corresponding to the judged type of smoke and the output 
of the first or second light receiving meems. 

8. A fire alaxm system according to claim 1, 
further comprising: 

an electronic polarizing plate passing the 
scattered light caused by smoke present in the smoke 
detecting space and capable of being changed by 90* in the 
angle of its plane of polarization upon conducting of an 
electric current; 

light receiving means for receiving light passed 
through said electronic polarizing plate; 
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operation means for calculating the degree of 
polarization on the basis of a first output provided by 
said light receiving means when the plane of polarization 
of said electronic polarizing plate is at a first angle 
and a second output provided by said light receiving means 
when the plane of polarization of said electronic 
polarizing plate is at a second angle; and 

judging means for judging the type of the smoke 
from the relative magnitude of the degree of polarization 
calculated by said operation means and a previously set 
threshold for detecting smoke and for judging the presence 
of a fire on the basis of the relative magnitude of a 
threshold for detecting a fire corresponding to the judged 
type of smoke and the output of the first or second light 
receiving means. 

9. A fire alarm system according to any one of 
claims 1 to 8, wherein the types of smoke to be judged are 
a white smoke and a black smoke. 

10. A fire alarm system substantially as 
hereinbefore described with reference to and as 
illustrated in any of Figures 1-9 of the accompanying 
drawings . 



